Abstract-In "Stationary Distributions for the Random Waypoint Mobility Model" [3] (TMC, Vol. 3, No. 1), Navidi and Camp find the stationary distribution of the random waypoint model, with or without pause on a rectangular area. In this short note, we show that, under the stationary regime, speed and location are independent.
INTRODUCTION
IN [3] , Navidi and Camp find the stationary distribution of the random waypoint model, with or without pause on a rectangular area. In this short note, we complement their result with the following additional finding.
In Sections 3 and 4 of [3] , the authors find the stationary distributions of the speed and the location of the mobile and use it to initialize a simulation in stationary regime. However, they do not derive the joint stationary distribution of speed and location. In fact, their simulation algorithm implicitly makes the assumption that speed and location sampled at an arbitrary time instant are independent in the stationary regime, but it is entirely not obvious a priori whether this assumption is true or not. It is true that speed and next waypoint are independent when sampled at an arbitrary transition time, but this does not imply the same property at an arbitrary time instant. (A transition time is a time at which a waypoint is reached and a new trip is chosen.) To be convinced, consider, for example, the location of path endpoints. When sampled at an arbitrary transition, the two points are independent, by construction. But, when sampled at an arbitrary point in time, they are not (as witnessed by the joint density given in (3) of [3] : It is more likely that the two endpoints are far apart).
We show, using formal derivations, that independence of speed and location at an arbitrary point in time does hold.
We obtain this result by using Palm calculus, a set of formulas that relate time averages to event averages and can be used to explain more simply the original results of Navidi and Camp. For a quick overview of Palm calculus, see [2] ; for a full fledged theory, see [1] .
NOTATION AND TERMS
We use the same notation as Navidi and Camp, but have added some minor extensions. Please see them defined below:
. 
INDEPENDENCE OF SPEED AND LOCATION IN THE STATIONARY REGIME
We first consider the random waypoint without pause (Section 3 in [3] ). Assume the conditions for stationarity of the random waypoint model hold, namely, the average time spent between two waypoints is finite. Then:
Theorem 3.1. The numerical speed SðtÞ and ðMðtÞ; P revðtÞ; NextðtÞÞ are independent under the time stationary distribution.
Proof. We use the inversion formula of Palm calculus [1] , [2] , which says that, if the process ZðtÞ is jointly stationary with the random waypoint model:
In the equation, IE 0 is the "Palm expectation," which can be interpreted as the expectation, conditional to the event that the mobile has reached a waypoint at time t ¼ 0. T 1 is the time at which the next waypoint will be reached, given that we are at a waypoint at time 0. is the "intensity," i.e., the average number of transitions per time unit. Now, consider two bounded, arbitrary functions and , where is a function of the numerical speed and of the triple ðMðtÞ; PrevðtÞ; NextðtÞÞ. Apply the inversion formula and obtain:
IE ðSðtÞ ðMðtÞ; PrevðtÞ; NextðtÞÞ ð Þ
where S 0 is the constant speed in the interval ½T 0 ; T 1 and M 0 (respectively, M 1 ) is the waypoint at time t ¼ T 0 (respectively, T 1 ). By the change of variable in the integral t ! t=T 1 , we obtain:
The last equality is due to the independence of speed and waypoint under IE 0 . Thus, we have factored the joint expectation in two terms. By Lemma 4.1, shown in Appendix, this proves independence. t u
The theorem justifies the sampling procedure in Section 3 of [3] : Sample a speed and a location (with the auxiliary points PrevðtÞ For information on obtaining reprints of this article, please send e-mail to: tmc@computer.org, and reference IEEECS Log Number TMC-0190-0604.
